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Abstract
We present the current status for the measurements of the tt¯ charge asym-
metry at the Tevatron and LHC colliders.
1. Introduction
At NLO, QCD predicts the top quark to be emitted preferentially in
the direction of the incoming quark, while the top antiquark in the
direction of the incoming antiquark. This charge asymmetry comes
mainly from the interference between qq¯ → tt¯ tree diagram with the
NLO box diagram, and from the interference of initial and final state
radiations (qq¯ → tt¯g). Results from the CDF and D0 [3, 4] collabo-
rations have driven a lot of attention because some of the measured
asymmetries were significantly higher than the SM predictions. In
this note we present the most recent results for the CDF, D0, ATLAS
and CMS collaborations and compared them to the latest prediction
based on the Standard Model [2].
2. Observables
The Tevatron and LHC colliders present different initial state parti-
cles at different energies. The Tevatron is a proton-antiproton col-
lider at
√
s = 1.96 TeV and the LHC is a proton-proton collider at√
s = 7 and 8 TeV. At the Tevatron tt¯ pairs are mainly produced
through quark-antiquark anihilation and there the laboratory frame
1
2is equivalent to the partonic rest frame. Thus at the Tevatron the
charge asymmetry results into a forward-backward asymmetry (FB).
At the LHC tt¯ pairs are mainly produced through gluon-gluon fusion
which does not contribute to the charge asymmetry. In the subdom-
inant qq¯ → tt¯ process, the antiquark originates from the proton sea
leading the tt¯ system to be boosted in the direction of the top quark.
Indeed the incoming quark carries on average a higher momentum
than the incoming antiquark. In that case the charge asymmetry
results into a forward-central asymmetry (FC).
We therefore define two different observables at the Tevatron and
at the LHC to measure the tt¯ charge asymmetry:
Tevatron Att¯
FB
=
N(∆y > 0)−N(∆y < 0)
N(∆y > 0) +N(∆y < 0)
, (1)
where ∆y = yt − yt¯,
LHC AC =
N(∆|y| > 0)−N(∆|y| < 0)
N(∆|y| > 0) +N(∆|y| < 0) , (2)
where ∆|y| = |yt| − |yt¯|,
yt and yt¯ are top quark and antiquark rapidity, respectively.
We also measure the tt¯ charge asymmetry based on the leptons
coming from the decay of the W boson coming from the top quark
decay:
Tevatron Aℓℓ =
N(∆η > 0)−N(∆η < 0)
N(∆η > 0) +N(∆η < 0)
, (3)
Aℓ
FB
=
N(q × η > 0)−N(q × η < 0)
N(q × η > 0) +N(q × η < 0) , (4)
where ∆η = ηℓ+ − yℓ− ,
LHC Aℓℓ
C
=
N(∆|η| > 0)−N(∆|η| < 0)
N(∆|η| > 0) +N(∆|η| < 0) , (5)
where ∆|η| = |ηℓ+ | − |ηℓ− |,
ηℓ+ and yℓ− are positive and negative lepton pseudorapidity, respec-
tively.
The interest of measuring such an asymmetry is that we do not
need to reconstruct the tt¯ kinematic and the lepton kinematic is well
measured. The leptonic asymmetry is also sensible to the top quark
polarization if any.
33. Top quark signature and reconstruction
The top quark decays almost 100% of the time into a W boson and
in a b quark. We therefore classify the tt¯ final state according to the
W boson decay mode.
The ℓ+jets channel, where one W boson decays hadronically and
the other leptonically, is characterized by one isolated lepton, at least
four jets and missing energy due to the presence of a neutrino escap-
ing the detector. This channel has a good production rate (∼ 45%
of all tt¯ events) and a reasonable amount of background. The main
backgrounds in this channel are W+jets events estimated using sim-
ulation and data, and multijet production where one jet mimics a
lepton. The later is estimated using data. The dilepton channel,
where both W decay leptonically, is characterized by two oppositely
charged leptons, at least two jets and missing energy due to the two
neutrinos. This channel suffers from a smaller production rate (∼ 5%)
but has little background. The main backgrounds come from Drell-
Yan process estimated using the simulation andW+jets and multijets
background mimicking leptons estimated in data.
Beside the above requirement, the event selection, which aims at
increasing the tt¯ fraction in the analyzed sample, uses topological
criteria as well as well as b-quark identification.
For the tt¯-based asymmetry, the reconstruction of the tt¯ kinemat-
ics is needed. This reconstruction is performed using kinematic fit-
ters. In the reconstruction algorithm, the different lepton-jet permu-
tations, the experimental resolutions, the b-quark identification are
taken into account. The mass of the W boson and the top quark are
fixed to their world average values within their widths. In the dilep-
ton channel we additionally need to make some assumption about
the neutrinos kinematic since their presence leaves the system un-
constrained.
4. Measurement
After reconstruction the tt¯ kinematic, we can measure the raw asym-
metry, i.e. the asymmetry observed in the detector. To do so we
need to subtract the estimated background from data. At this level
we cannot compare the measurements between experiments (CDF
4and D0 on the one hand and ATLAS and CMS on the other and)
due to different detector effects and different acceptance cuts. The
raw distribution need then to be unfolded to correct for these effects
and get back to the production level asymmetry.
5. Results
Table 1 shows the inclusive production tt¯-based and lepton-based
asymmetries measured at the Tevatron compared to the predictions.
We observe that there are differences up to about two standard de-
viations (SD) between measurement and predictions. Figure 1 shows
the differential measurement of the tt¯ asymmetry as a function of
the invariant mass and the rapidity of the tt¯ system performed by
CDF [5]. We observe a significant difference between measurements
and prediction up to about three SD. D0 does not observe such a
difference.
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Fig. 1: Att¯
FB
as a function the invariant mass and rapidity of the tt¯ system in
CDF [5].
Table 2 presents the inclusive production tt¯-based and lepton-
based asymmetries measured at the LHC compared to the predic-
tions. The measurements are consistent with the predictions. ATLAS
and CMS performed differential measurements of the tt¯ asymmetry
as a function the invariant mass, the transverse momentum and the
rapidity of the tt¯. We observe consistency between the measurements
and the predictions also for for highly boosted tt¯ system.
The final Tevatron measurements as well as the new LHC mea-
surements performed at 8 TeV are expected to be published soon.
5T a b l e 1: Inclusive production tt¯-based and lepton-based asymmetry
measured at the Tevatron. All values are given in %.
Att¯
FB
Aℓ
FB
Aℓℓ
CDF ℓ+jets 16.4 ± 4.5 [5] 9.4 ± 3.2
2.9
[6] −
CDF dilepton − 7.2 ± 6.0 [7] 7.6 ± 8.1 [7]
D0 ℓ+jets 19.6 ± 6.5 [4] 4.7 ± 2.6
2.7
[8] −
D0 dilepton − 4.4 ± 3.9 [9] 12.3 ± 5.6 [9]
Prediction [2] 8.8 ± 0.6 3.8 ± 0.3 4.8 ± 0.4
T a b l e 2: Inclusive production tt¯-based and lepton-based asymmetry
measured at the LHC. All values are given in %.
Aℓℓ Aℓℓ
C
ATLAS ℓ+jets 0.6 ± 1.0 [10] −
ATLAS dilepton 5.7 ± 2.8 [11] 2.3 ± 1.4 [11]
CMS ℓ+jets 0.5 ± 0.9 [12] −
CMS dilepton 5.0 ± 4.4
5.8
[13] 1.0 ± 1.6 [13]
Prediction [2] 1.23 ± 0.05 0.70 ± 0.03
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